
PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 10125608 A 



(43) Date of publication of application: 15.05.98 



(51) Int. CI HOI L 21/205 

HOI L 21/20 




(21) Application number: 08282524 

(22) Date of filing: 24.10.96 


(71) Applicant: 

(72) Inventor: 


SHOWA DENKO KK 
UDAGAWA TAKASHI 



(54) COMPOUND-SEMICONDUCTOR EPITAXIAL COPYRIGHT: (C)1998,JPO 

WAFER 



(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a III group nitride 
growing layer which exhibits a good crystallizability 
and good surface conditions which lead to the uniformity 
of device properties in a compound-semiconductor 
epitaxial wafer, comprised of the III group nitride 
layer which is grown on a buffer layer. 

SOLUTION: A compound-semiconductor epitaxial wafer is 
comprises of a buffer layer 102, made of III group 
nitride semiconductor laminated ion the surface of a 
crystal substrate and an epitaxial layer made of III 
group nitride semiconductor which is laminated on the 
buffer layer 102. In this case, the buffer layer 102 is 
made of a group 113 of single crystal particles which 
are in the state of as-grown, adhered to each other on 
their winding sides, and whose tops 115 are 
approximately flay or curved. The single crystal 
particles also adhere to reach other with an angle made 
by laminating directions of the single crystal surface 
(orientation), equal to or less than SO"*. 
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fz\l \ ^'ft^**^:*^ <b i -x. e ^' + -> ^ >PS i: 7>» lb 
«^ $ ti ^ f e ^' * -> ^ ;u jLj^izt^\,^ 

r, 

re^«^-r**^BliiSl±> a s - g r o w n*<c®.T-ffi 

fb^!^#Sf*:-^ tf ^ -> + 'i' j:./>o 

7i^ a s - g r o w ntt@.T'«S<?>«lf:^e<OAft^«r 

e ^ V -v ■> J^/>o 

[0 0 0 1] 

^ -5 e 5' 4r -> ^ 4: fb'&tf^S* 

kf 5^ ^ -> + ;u -i/ i / > -r o 
[0 0 0 2] 

[fi&*<7)ttWl «feLEDi;fflv^e>tL-z,lll m& 

fb»#«#<Oi t: ^' # V 4r *-t -5. it^^^^W^ 

2 03*Sb1i) *«±lCAlx Gar I ni-x-v N (tS 

L, O^X + YSl, O^X^l, O^Y^l) t-h^j: 

±(;A la G ai-3 N (Oi a ^ 1 ) c> ^ ^ / < r 
2 2 9 4 7 6-^^«#HB) o m^t-f^^yr-iTtW 

I St^'fbtj+^ft^oi e * •> ^ )vm t Ji^^-^S'&o 

ga«SC*)^fji6 ( \ . Vol. 1 
5. (1 9 8 8) , 3 3 4H#fig) , K>'^' 7 Tg(±. ^ 

[0 0 0 3] '(J&*;0-P>. />'.x7re;&^*ISi--^#@li?K 

( rB:*:^S^ft^^K.J , Vol. 15 . No. 3& 
4, 7 4-8 2M) o ^ibi: mtT:x.t'>b. 

/x'y 7TST?*-5i: ^nriTt (#H¥2-2 2 9 4 7 

m^i^-ti'^<yyrm<r>mmm^m(o-mx'^i>o e& 
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*<^/<-y7TS (10 2) <0«S±#(i, ^)<ir%|^ 
a%g#: (10 4) 0 , mm^B^ (105) (±^<0(t> 

[0 0 0 4] INbIR''^;' 7 r§<i. A I X G ay In 
1-x-Y N (O^X + Y^l, O^X^l, O^Y^l) 

10 ^miSi 1 0 0 0'CgSs£vM±-€-itJ-J.±<Oii5iaT-=jT*?ix^ 

r, 2 0 0'C^L<<i4 0 OlCTl^ib 9 0 CC 

(#PI¥4 -2 9 7 0 2 3^. #IB¥2 -2 2 9 4 7 6 
^■Rl>M^W-7-3 1 2 1 3 5 0-f-5f«#HB) sgvM±4 
0 OX:A-h 8 0 ox: (#S¥6 - l 5 l 9 6 2-^&^# 

0 "C «[ t V ^ d f> ^ $ T V ^ ^ SStt H I - 1' ^ 

20 iXX^^i, (ryv^V 7'fv^X ^^--X (App 
1. Phys. Lett. , 6 8 . No. 20 (199 
6) , 2867-2869 H) o tfz. tJ&5ft<0|^B^BK^< 
-7 7rSoeJ9(i1R^a. 1 0 nm~ 5 0 nmt»<K3e 
$tlTV^-i> (#PiT2 - 2 2 9 4 7 6^<iimmj?.) o 
[0 0 0 5] ±|5<7)5n<«^$tt*fil*0#^S«0/<y 

y rmt-^y r ^ rm(r>^^BmiiRt<r>^mi^znn^^^ 
^iAiM.&t. ^Blilg« (Hio (10 1) #.HB) 

M (nio (10 3) mm) (±. :'vSI5^*«^^b^bK#: (m 

1<7) (104) #Ba) xWSL^ixX\^-^i>i><r)X'i>i>o c 
a$tLT</^tt(fC-?-, -&<^teM (/N'y7rS) 34*T%S 

t^*)> ^a-eBS:s$*i.^B6:SS<7)2^^7E&<j^ 

*i *)SlfS$n-rv»-2,iESO«#Sr|il2tc«^fl<»t:^ 
1-= #MB^BS)ll*Ii;t!c«i--2>#^B^B*i (10 5) ^gc:S^ 
tLT^^LTt^ft^ (10 6) «±, (10 1) «r 

a^#^B%«feflI*T%i: LT2;X7ce<) (¥M6^t;) t::^ 

40 * (1 0 6) {mmiri,f^^m doe) tsut^^^ 

LT, ■^;6«-ce^^;i:^*o ia3(±^« (10 1) 
[0 0 0 6] I^SSOy'C y 7re±-^ 
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^Ltzmi^ (10 8) -cj±fes*« (10 1) (omm^^ 

nmi-^o 'BI*^«-«#L;t^^B^S#; (10 4) ^-Ud 
m^itLfcisli^ (10 9) t^j:i>m-ki>^i>o .^ssi* 

(10 5) ff>^<iit<r>iim.^Lrf&m^i:^m-r 

Sb%© (10 5) imt LXmrn-thWimS, (10 6) 
(±> SS*1S**f|SLTV^.i>^« (10 8) 

A'-tii'tii^l-^^^o Z(OmiS. (10 8) T-iiS^'c, 

fiS:S75»~*HC '9ji<. fifes ft (iffiSU«SELTa^^«:^> 

ftft (1 0 6) am (i&E) :^i6]i-e*»ct-^:gi- -5)1116] 

L/c^ltT-(4, m^SH^H© (10 5) i^tLX^^Lfc 

««S (10 6) «i2i>:xWifc^S«®4^Lr«:^ 

^Ti^i^-rtztb. ^P'&S</^'•y 7rg35^ff Lfj^lST- 
[0 0 0 7] ±fB<0^^c#^SS/^'v7rStIJ:.5)igS« 

» * ^) ia*-r -5. o H 6 i±lf K:*^ e> ^ .?> / -y 7 T @± 

-> ;l')B WSfST'* o r . # tC3^ kf v -v ;H1<7>SM 
Hlf yh (ffl?L) Off^35*~©<<)e>tt-£.«l*Oif®«Sia 
•C*-&o C <0 tf ^' * V -V ;i/)S (110) Jinf^<0/<y 
7 7S (10 2) t pJ^cOJS— cOJ.fJ'^v-tVPS (1 
1 1) t nf^<OfpfZ:oj^tr^'*->-v;UJB (112) id^h 

tli>p nm^i^tti><r>x-^^o h (10 7) 11. 
^B^B^ (10 1) ±l,zmmLfz^<yyrm (10 2) 

i:m^-ti>^mnmm^Lt:mi^ (i o s) {ctjtm 

{L-Lrf&±-r;i,„ in^Jt (1 0 8) T-(4. myi\^m.mA^ 

•t^o ^:ikm^iis.^^izMS.Lx$fL:&-r^fctbmmz^ 
m-t ^Wt^^^^h^ < s ^^i^&mit^m (mm) ttx 
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:fov^rJ±, k*y h (10 7) gfT% >'<-y7T8 (1 0 

2) t»z:oit:5'*->-v;HS (112) t^m^d^iz 

i,m^mizi,m^^ii^T^M^^j:mmi:m < o m~^^ 

t* 5' * -> -\' ;^S (112) t^^-yyrm (10 2) Jil^ 

l^;-^«'&!RFl4*H3t«b?il-&o liI7<±e y h^r^K-g- 
^b^#^fl^l&7^:^^'f K (led) <r>mM-ms.9^^ 

^) W I <) ^S^S «r I ^ i: W ® t ^ o T 1/ » o 
20 [0 0 0 8] 

««±frr-*>-5>iNB^BK«:om^(:eH-r.5., ^mmm 

wmTizm^^xi>^^{zitm^L^j:^mis.^m't^^t 
L, mm.mm(o0Mi%»i.znmxt^^^<yyrmiM 
m.ir^zt{zxio. mm<o4¥M,is.^'i-yyrmizm-r^?A 

30 ■ri><r>{t^mm^-t ^^^=F^<r>m'ki)^^mx'^i,i)-h 

x.^.)v^-im%\^x^^K. m^'^mmtrnw^kzit^ 
*^B^H34-t>^-5./^'•y7T mm) e<±. 

^ i: L T/pig-C-* .i> t ^ tVT § (#S¥ 4 - 2 9 7 0 
2 3 ■f-St>'!|f K¥ 7-3 1 2 3 5 0-f-^^a#BB) o 
[0 0 0 9] 

^m-rh^^yyrm<7>m^tLx. mm^B<r>m^m^<r> 

mmizm&^^-tiximm&m'm-^izifmx^. k-o 

^(r>mm^Bm.mm^iy\izm.'^fm^m.'&-tixi.£. 
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m t^-hm&^ixhit^m^mi^j^^ ^ ^ > ^ 

Mt^^^y y rllS:^^i"^-i.^BBfiii. a s — g r o w 

y •7T@^«^t"'i>miSBl*3:7j>^ a s-g r o wni^cjl^, 
[0 0 10] 

^-r^A (Al) . if')^l. (Ga) . >f>v^A (I 
n) ^L<ti'i^':7^ (B) m<r>'Pti:< t «>-OCOIII 

z(D\\ \ mmtm^m^<om^z\t^ mtif)^^ (ca 

N) . mitT )\^^^^ (A i N) ^mt^y'y^^ 

(I nN) m<0 2 7tit^^^^i>^o ttz. mitT)i^<^ 
^l. ' if')^M.m^B (A Ix Gai-x N : 0<x< 1 

(j^j^T. mc) ) . mit^^')^^ ' ^>i^^^^iS:^B (G 

ax I ni-x N) . Mfbr;i^^-^A . ^^v^A^Ib^ 
(Alx I ni-x N) #<7)3 7C?lB^^Sfl:T>'l^^-'5'A 
• >?f U A • >f > A (Ala Gab I nc N : 0 ^ 
a. b. c^l. a + bH-c = l) ^(D 4 jcM^Mi^^ t<D 
^yti^^B^^^^o 'i^-^^^r^trBd Ale Gat I ng 
N (0<d^l. O^e. f. g^l. d+e + f+g 

= 1) ;6^^b^>/^'^7•7Til^«^T'#^o mmitm 

imoi^m (Tcmifi-^ : A s) > (Ttmtz^ : p) 
iiZi^.t>^i&&^^yyrmimfSLir^:it^^x^:ho ^<r> 

^GaNAs. GaNP. A 1 NAs> A 1 NP. In 
NAs. InNP^O (III ) • Noi -Vi-n. ( (III 

I mitmtii^(7)mym7tmi'^ts3yt^MFB^^$>^o 

ttz^ A 1 GaNAs. A 1 GaNP> Ga I nNA 
s. GalnNP. BGaNAs. BGaNP. BAl 
NAs. BAINP. BInNAs. BInNP. Al 
InNAs. Al InNP. AlGalnNAs. Al 
GalnNP. GaNPAs> AlNPAs. BGaN 
AsP. InNPAs. A 1 G a I nNP A s^O^iS: 
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[0 0 1 1 ] ^^mxii. ±iBoiii mmim^mi^u 
■t^o m-^^Bm^h^^yyrm'tm^'t^mjs^a. ^^b 

x^t}Xi>^zt{zx^o Z(o^^tf<o^^{zx^m%^ 

^^mxit. ^<yyrm<r>mmW1lli:Vt^m¥&'Rtii 

mz't^^m^B&t't^ztii>^xy<yyrm<r>m^ 

JO [0 0 12] ^^mxit^ y rm<om^^^.x$>^ 
^m^Bm. '^^^<y y rm<ommizm^fi^i^mmm 
<o^^^hi^{zm^^i\^fz}§LSt^mxi>^m6 o ox:^-h 

^7 5 Ot:tC]K^v^-C. ^«*f^O«^-JfcS!JW(lJ: 1} a s 

^titzM^m^B^<r>m^m-hm^^ti^^^y y rmim 

x^&i^^^f>^o zit{zmx.. ^<yyrm±izmn'r^ 
III mmt^^mi$^m(omM'ey ^ui/-(Dm.j^.*^h^ 

^imm^ixi^. Vt^(om^x^^hix;bm^&^<y y r 

20 m±.\Z:r,\£9^i,^)i.mm^m.\^fzm^t&.m.\^XMi- 

^)0<hiiS^tL^o FOiL(^> ^y r rmWLAL^zmmt 

it^l'T-^^<r>mtif')^^ (GaN) t^hi'^^/^yy 
r m ^M&'t h ^&nz't:ho itm^i&i^X<r>/< y y 

r^(OJf^&Xi:i:^ pseudophorhis m<D9i^. 
t)^ h Hil L/^ Frank — van derMerveO 

mm («□ m^. &a mmm. mm • «smmj 

30 (m^mfS. BBfO 47^12^1554 fig^^f ) > 1 3 

M) i^zm^m^ti^miiZ. M^m^B^^m(ornmi^muty< 

y y rmt<r>WWXli-^y r ^ r tG a NOtt^Pflfi^j^M 
<t »9±:fifT-(iG aNO^^FflR8(C|6jttT#^7&- 
U^^tLT/>*y "7 r)10*ffifflT*(i:G a NO^T-KPSt^ 

(Ga) H^-^vMiS^ (N) J[E^;6^^SS1-^^i^^;U 
^-75^:^^v^y::*;)*SB%»«<!:0#®tcJ^v^rt. ffil^co 

G a N**co1S?-FflPS^ i) oTfig^^a^ 
40 prtg1475-'*^o c:<7)»^:G aN**<0^T-raPHtii5v>* 
^^B^^y y rilii-eo±U{Rlx.(^G a NS^rStt^^^ 

i^z^'f-mmmii^-wci'^zb^-h-M.. TMmtLx 
mt'thfzibnmz^s.<o^7.y ^ y vmiLm^^t^^ 

tL'i>fiS:S^iiSM^'7 ^ uv-ti^^ tote ^> cot 

[0 0 13] ±fSO$n<. ^<y-7TSS:«^1-;2,^^B^B 
50 *S:Off^a£^frUJ:or. «ffi4#t@,;&^f^SS:IS^IlHtco 
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Lr (0 0 0 1) -ff-y r -( rm±iz^-Bk^-ttz. a s- 

-^ft:;)>ib«fiK$*t*ll'ft*''J 7re (102) 

±1-. iaSl 1 0 0'CTT> K-yMfl:*''J OAS (1 
1 7) «r^:g$*r!t*j:-li^'*->^r;UJi<OBr®TEM 

f^<Dm^m-v$)i>o ^<yyrm (102) ^Wfig-r-s.^ 

mSfiiK (1 13) o# < (i7K¥l@**l6««BO«&i£:^ 

ifi](c^fl:-r-&a^^o}Ka^»oTv»^o (1 1 

3) offlM (114) ^mmmz^itLxy^^^tztb. * 

^SiK (113) (D^m^^m (114) (iffiHi^i:^ 

•3-cv»^,*&^*«#v^, (113) onspo^ 

(1 1 5) «0ffifB^^(±AM^^i:l±^oTj3fb-t\ 

5r$t8 0 0"Ct)l±i: LTJf^^LTt. m*cOi^?|?lC#t>^ 

l=tc^^^ tcot^^o m 9 fi^SiS*^ 9 2 ort L 
r^ftS-tirfc, a s-g r o wnt>t]®T-BEU*^B^i:=fc 
oTV^^a-fk**'; -^A/s-y^ (10 2) ±tC, 11 

0 o'c-cT> K-y^jt**'; -^AS (117) imm^ 

f^^h^y^^^-y^- ji'm <r>mm t e MfttTj^stUT-* 

-5)0 l^iatl(±> ifSTEMm{Z||fe<^«ia^i: LT^tt-i) 

(10 2) i±^i±i9*^Biii^ (113) ^-hmm^tix 

v»^,Cfc(:^t>l9l±^v>o L:4-L. (113) 

^fzM^x$>i,o L*»<), ^mmwm (114) 

}-^<f->X^^XM^m^>SX$>i,ZtiffiLfZo BP 
^v»#*SS<^>'^'-;'7rS;6«B^2^n* 9 0 0t:«:@x.S 

fiKfisJK (#ia¥7- 3 1 2 3 5 o^^mmm) xnh 

co)lt«)Si-sm@B^B*3:<Of^4^li> 6 0 0 'Cfltrf^<75 J: t) 

#m«gB^B*i (113) oiiepiiAg^^t^ 
I), ]ia5±<o^®Oi^«Sl<)ii:l|-CS*$*iS'{><oi:i5:o 
tco CC0^|^tt<0?^iec7)^ilCij-)£.-rS7)^(7)#(C, /^••y 
7 rS±OfiKge«®t-l±7^cA5g<0«4#t^Bli<0*S;4><b 

(1 13) ff>^nt^miSi^i)^h^^\.fzmw. (i i 
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6) mmm.^m-^my^xf'iyyrm (102) ±«r> 

^■fb**'-* '^'A^ftS (1 1 7) <^)aEi;MSj^. »iiL 

T«/»SCi:T-*-&o ttz. fee (116) (1 
1 7) <0SH4CiljjtL/:^l*(;i±b' y h (m) i}mWL 

^ixx\^^i>(r>i}mn^ixtzo EP*>, m*, 

S/< y 7 TSIiSSt^cBl-glL-CSi L^^ig*^r ^>/c?> 

[0 0 14] ^h\,z^^m\~^~t>i,^m^Bm.(r>m^m^ 

<b^-5>/^'•y 7Te(i, *'g-«:S:«fiS:^'2.#*^Blii^<0« 
20 :S.(r>mm'&im.^LX^^^^,\-~^WLi}^hi>o K[6]14i:ti 

SB^WW#ffi<^— ttT-*>Sffif®TEM (Xr a n sm i 
ssion _E_lectron Microscop 

e) ffidS^S?- (ffi) ftoM»:6^f,§l,(;ltiil^Si 
tA^-eiSo mi o«±, r>*-r (nhs ) «rMig 

JO (N) MtL. h •) >< ^ U -^^ A ( (CH3 ) 3 G 
a) Sr**';>^7A (Ga) LTfigftiaS^r 6 0 0 1: i: 
LrfiS:M$tl7tlim**^)5 nmt-f Sa-fk*''J -^/A (G 

aN) >'N' y 7 rSOif®TEMS<0«^(il-C-ibSo v 
7rS(±ftii:»rM«:t5at>ei:-t-£.»i^Sife (113) Sr 

SiK (1 1 3) rtSCO^^fiRSrRlg-rstilgSM {^=f- 

m i)^mm^ixi>ijn (119) ^ ^fii. m^m<r>n.m 

■n&ii^-^f-y r ^ rmWL (10 1) <0*Mtc*|-LTi6:--rL 

40 s:^|pj (119) *^%?9o5:-7ieip):^fi£S:^-r ^>oT• 

i6] (1 19) «r^i-«^® (^f£) <r>mm*^m-ti> 

W<r>nm. ( (12 1) :J^]LT. 5c^^JSi:*i;1-) ^to 

o^J*;fflT-^-r<>cr>i:-r'i.o llll 0t:lf^$*tS**SB^ 
50 UT (Jfiii) *-^<?)itglcJ:oTgE^I:-t-&<)<^>-e*-&o 
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10 0 15] ^^mr^i±. ±m(o^mnm^Mmi:mx. 

Al[Z \ 1 0 orOiSiS-eSiSLfcMft:*''; '>A^«e<7> 

75^^a s - g r o w n^^.^.T* 3 0 JSJiLl*IT-*)tti^. ]ftiaT- 
fiKm ^ tt ^ ^fiil U o V ^ T O X R C ft Tiffl ^ -2) 11 llf 

>g'(cii-jistc. Ill m^im^mi^mit^<om.^.&^<o 

:&v^fc*!>^fiSfi^n^o ?cM^JS3i>^3 OKJy.i*|-eab^« 

[0 0 161 -hifioiii mmim^^m^h^jih^^yy 

(MBE) ft^fb^t:-AJ:.t:5'^v-v;U (CBE) 

^l-of^^^jc^KoT. ify^y-:^ (b&#>:gs) mbe^ 

*1S^JK (MO) MBE^O:^^7&^*>5)7&*^v^-rtLr-*>^ 

»{i^tv^o c^rL^boffift^fttitK*) III i^Mfb^^+^ft^ 

[0 0 17] :^^mxit. ±f£oiii mmim^mi^:^^ 
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N) ^miz-tfiif. «««M«:«^ai-^*SB^ae7&-^>'< 
yyrmim^i-^^za. 5fe-r^sfis*. mt3i4 o o 

mi^mzi>m^Lxmtir^o ^4 0 0X:^-h^5 0 0 

^(omi^it mi^i-^mmvy \\\it) {zm^xi>^it 

irh^K 9LLxmtm^^^immik^£i:'<09\'m^^X^'t 
mi/fzi><DX$>ho 5 0 0t:^M;ii5iii:^6 0 0- 7 

m^Bmi^<o^^^^znmi)t<Dmi^iMLfz i><Dt^j: 
ho z.<onm^(omi^\t/^y y rm±.\z'm,n'th^^m 

fihi^^m^n^\iZ{tut\^<itr^^^o ^:geo*®-t 

or- 7 5 OX:^)^^ Lv^o 

[0 0 18] ±|BO#HMfb:^*U fiiS^T)^ 

4 0 or- 5 0 ot:5ioiasKa(is^v>T^>#*gB^e{i 

1 . 5 X 1 04 &.±,t'i'ixkmm^(^^^^Bmmhi\^ 
y TS(ite««^&aw*ma'r'i>*^B^p@i^tw*isB%«i 

*^6 0 ot:-*^7 5 oroffi Lv^ggsia 

m^fz^m^B%%x^mkz^mx^^o ^-o*^ 

i)-h^j:h mi£B^0*5O*>g"^*:;6- ^ / < ^y "7 r S 4: It ST 1^ 
Vol. 1 5 (1988) . 334 M) o 'iSL^X. 

\tm.^^%<D^%.itt^i>fzh^iLh::.ti^j^\^. ^gco 
40 *&S<b^^^«^$ttf#^o «ft1^o*^K<b{iJSSza«S:^ 

1 l«i«Siaj*6 5 OlCr^Cffi^f 7r >f (1 0 

1 ) ±.\ziimLfz:^^mkz^^t>hmtif')y^^^ y y r 

m(r>mmT¥,M\^<om^mx$>ho mmiizir^^ixh-^ 

<. ^^yyrm (10 2) (i]Igp<7)^;Kgp^B&^tBi: 

(113) (r>^^W'i)^hm^^^x^^ho nmk^m^B 

5 (1 1 3) O«titilfiC:c0^g:ftiaSr-(ii3i3J:-e. 1 5 
-yy^^-^ (nm) ± 5 nmOiEfflP^tl^b^o -Olfifi 
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[0 0 19] ±S5«!04fi Lv»^SSSeH<±affc**'J 

iUS^-^zA (A IN) i-hm^-thm-^. fiFiLv^^ft 
ia]S<±^T> ie5^afflt-^^TL*^)6 5 0t:~*^j8 0 CCi: 
ir-So T;U5->i'A (Al) tif')^i.i:m^WmtL 

(C-rvvl^A (In) =£-t-*i--5), C^xtf-f Vv-f 

m^m<-fix\s^ > V A <7) K- e V >s'-ift]S7>**5j i o 20 c 

m-sT-**T.lf> iff Lv^^giajS(±m^a, 5 0 0X^-6 

0 ot:f*>'i)o 

[0 0 2 01 Ml-m*SB^*i<7)Bef&114^-«t1-^{C(±. 

f^n^^itX'^ho Sft^'V-^^A (GaN) gOfiKSU 

(NH3 ) t h V p< f-^l^^^f; A (TMG : (CH3 ) 
3 Ga) m<r>^^if') Mt'kmti: timi.~-tii.lt. V 

ffi ( (0 0 0 1 ) ffi) "^y r -iriW^t Lxmitif'} 

^;::T/TMGtt*&Jt) 1. 5X10" tiriX 

llJt$r:^tf*, EP*>, fiKft*l*llc|i?-tt-5.a^J^*4<7)jS 
[0 0 2 1] ±feoEl6)tt<il&RaK<'WiJie5'*->-v;w 
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12 

5iJLrv^S<;o^r-»i^ < . m k.x^'nmm fSi<r>mW.im 

9z^^hiia<mmi)mm~^^i~%m\^x\^^i>m^,t-r 

[0 0 2 21 

mmim^mwi)- 1> ^ ^ tr 5' * v ^ t <b ? 

■y 7 r )B d**.@a*i<^*^#:;6> "b ^ •) , bJIB^ < y 7 t S 

im^-ti>^m^Bmt. a s - g r o w n^*,^-eli5:iZ 

<0/N'y 7 TS^WfiK-^^-S^ifeH^iSlTi^ as-grown 

[0 0 2 3] 

30 [*iS0!ll 

(*iitaji) 'ftfEMOCVD^g:^;St;J; f), Mlb**'J 

•>A (GaN) y rl^iM^-t^^-kiMli-LX. 

^■r:^§tmi.zmt>&/<yyrmim.m-ti>„ m^iza. 
mijiiLi (0 0 0 1) t-t^cm-^yr^m^mL 

fZo ^l±it:a«: 5 Ommt-r^Rf^T-ibo-C. H^li 
^^3 3 0 /u m-e*ofco CKT^^^KliC Z^T-WfiE^tlTt 
'f>3'y h e> X 7 'f >«. $ it, 9 y I: > ^''SO^'^BWS 

-#0 ia^fb*^7R/i@^7K>i>' <=> m^^mi^xmi^xm 2 » 

[0 0 2 41 B.^ik. KiK^Sr;^x > ux^sa<7)fiS;g:)^ 
rt(cE«$tv;t-fc7 5 -y ^'lra«:#:«rrtiffii-*«*T;*D?ft:^ 

7. (-) 9 0"C, r-v'*IE:tl^*5?l k g/cm2 t-t-i. 
T;1' ::f> if 7. J: 13 , 5 'J y h ^KOjjiESir >{) o T 

1 O^ram^ (/^•- V : p u r g e ) L;to -g-^T)!^. 
50 Wjec,'^^(r)T)\y-:r>if^<r>9k^iW^\^. KV&^mM 
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D°^7 * >yj }\^i^m■rh—^Sl.<r>m®^^^- 
>M^^'>^^x'm^\^tz,> M^S.A^^3X 1 O-^T o r 

Ltz'ik. ^^^-m^^m-fj^X'mm^^xtzn^.im-7^■)- 
x (-) 9 5"Ci:1--2>A**S7K«**XS:itjlLT, 

f^, ^iUmi O'jt^. S:»-*^j3 'J y h^KOj^iSriboT 

[0 0 2 51 Sfc-iP-^tt^a-r^TK^OB^l:?:^ 
59-3 h;U7>»<bft«-9 U y h ^Kliifil" 

ft«rMaia«^J: »)5fe1-\ »-aFafi: l,T4 5 0"CU#S 

mwLi^mm»:Ltzo 4 5 ot:cc*sj2 o^r^i^jt 

[0 0 2 6] 2 0«>Wii£«f*, rtSStSr*?) 1 0 U y b ^l- 

i: -r ^ r ^ - A -^^^co (IJRSS $ ^xfcfS-ft 
T>^-T^^-fl:$-«i:f>:T>*-7 (NHs ) **;^Sr^ 
^-^KftiltSti- {-7X7n-n>- hn^- : MFC) T- 
tt^ 1 . 0 c; y h ;KO-^ftUiBIS-t;©J«l LTRtD^Ptz 

tt^Lfco (N) mmwMtLx<r)T>^-rif:x 

U (Ga) ftj&ilfl- 1 L ;t h 'J > ^ 'J ■> ( (CH 
3) 3 Ga) SrRl&^Pt-tt^&LT, Sfb**'-) 'i'A (G a 
N) ^^ -y 7 T§</);SRSrgg$&L/io h 'J p« ^t- 'J A 

«im^<Ollzatt{: ioT-r-f -^-y!. (-) 10'C±0. 5 

3 ^ y h (mi) tCift^lCftlJjfll L/Jo ±I£<OT > 

ii-hV / IIIJt«:ffit1--2)i: 2X10" ti:-&o ico^ 
SSJSafeOTcv/ lllJtT-C-2 0 55-W. 

10 0 2 7] ■tJ-7T-<T^«±0±ffi<7)*fr*<)oT^ 

;t*!>ic, m'y^'>'^om)T-iT )U:f> ^ :^ yimMLfz— 
tSi^^£^ ^>->-^ >y (ion-thinning) 

Sfe^rffiv^^^lf-AJDailE^: 2 0 04rO**;u h (K 

V) tLT, 2ii^mifftr-/<y 7 rSifffitog^iaSit 

{C'f^t)«>/'t y 7 re75^Sit:^[6](C«$S^^ft?-ii-^#*S 
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#^St*<?)iSi ? , BP*>x >'x*y 7 rgcOSIf (*5)6 8 n 

10 f&-r^^^mmni^fft^j:i,mi~^^Lx^^^(oAm 
m§ims^x-^^m'^^f,~^'^t{iuh-r. ^m.nm~ 

L T*5j 1 2 so AS «r o T v» * <07>*«glJ $ 

/Jo L-«»L,. t&T-B03c^^|««:*Jjl)S;6^c>*5j2gt L 

<r>X'i)'Dtz^ 1-4>t)*>:$:||i40lJl CieftO^fit^Tt^'CRtt 
*^a*23&»<=>^*>'<-y 7 rS*«a s - g r o w n^:^,^,T- 

20 m.^x^i,^ti)mm:r-.^7r^^ixfz„ 

10 0 2 8] (*JS0iJ 2 ) J: •} 1 0 0 0 ~ 1 5 

0 0 5 p< - h;w7Ktt (mm H2 o) tm.-^Hzm±'^ 
ixtzm.Km:^i:nm-ri>^MocvYii&^-^miiZi. 

Sftr;P^-'^A • if^)<^A (A 1 G a N) ?SS^^ 
<b^-&/<y 7re^^^^fi6;L;to (0 0 

0 1) <r>cm'^7 r ^ nmmLtzo ^mt')^'y^^B 

^ft^T-W^$tLfcS$*Sj2 5mm, 1 Omm<0ft 

xi^m^^'^X'T <,^^i^\^f^%M) ^ixtzi>(r> 

X'i)i,o '^m^cr>mmi:mi o ox:x") >m.^.i^mx'^ 
2»m. tmL^j:^^hiskmLfzo ^mm^&m^k. ttm. 

m^mi 8 j^if^-^^ (MSI) t1-'5.S*E7K-C5E^{C* 

rkLfZo tLA^Lfz^ik. m^mmi,z^^9\-^i:m^Lxtm 

Lx^m^-±tzo 

10 0 2 9] «fe^f^, ±uo^mi.zu^^mm!skm.^tifz 
m^fHizTi^w-iz^m.^tifzm^nm.'^ (.^■^■^9-) <r> 

J: •}i«S!i§^/w®*^:^-7^-:J-x (-) SS'Ct-T^a 
5i? (N2 ) if7.\Zi. ijm^ (/<-v : p u r g e) L 

ij^)E#*:/hLry-vBE^j***SjO. 7kg/cm2 tz 

^t^;K>7'-e#^L/Co *^«A^#^>5X 1 0-3 
(To r r) tCPJit-r^igSf^L, -^(DM^m^Z^ 1 5 
50 ^KfSitLTto BL^'ipi:mmi.zm%-ti>fzif><0 



-8- 



J5 

7. (-) 9 8t:ti-^iS^jK7K*:^';^i-^0«x;'co if 

[0 0 3 01 m^^k. RSiP-^StJ&i-^TK^OSEfi^ft 
^3 y Y)^i)-hU^9 'J y Y )\^\zi^^-t^iz^^x. 

K^>^^(r>\£ti^±%j£:^ \ 0 0 0 ^ u ^ - h ;^7K 

a (mm H2 O) ^\^^m.ti t l.fZo ^^L-^POi^HE 

t:A*-r-^C^?:<>-::>Tgi4eiJUftiJ«lL/::o ^^(^. 5^ 

^ ^i-tiSsSrfi (S:fc^r&SSc= 13. b^^^if 
^)vy (MHz) ) m^ti^tmi^fzo ^:fLJ:»9. f^M-^ 

5 Ot:c#ia^'ti:. ^«^^«*n^L7t:o 4 5 Ot:u^ 
2 O^HfSittTtf^. ll-SPgrt L-C7KS^SiL*-e6 8 

[0 0 3 1] 20 ^mmmk. rtSW I 0') y Y)V 

<h -r ^ r ;i/ ^ - A > ^1*1 tiiRffl ^ ;t: a£f b 

T>^^T^^ft^-^?'cr >^-r (NH3 ) if7.^% 
^-^KiiTifttt- (•^jx.^n-a^ hn^ - : MFC) X 
tt5}-3. 0 0 U h;K7)y?cl:(ifflS=(-©]aiLTSiS'i^U 

tt«&L;t:o (N) Lro7>"=e-r:^^;^ 

A (Ga) L;^c h 'J »>A ( (CH 

3)3 G a) ^XfT)\^^^^^^ (A 1 ) ^^WMt Lfz 

h U ^^;u7;w^^'!7A ( (CH3 ) 3 A l ) iKiZ^m 

U«*&LT^ mitr)i^^::^^I^'if')^^ (A 1 G a 

-^^itmirmw^<r>m^m^zx^x ox:±o, 2 viz 
^WLfzo m&stizmw^itfzmikh') ji^)i^if')^j^ 

»J V y h ;w (ml) (iffi^-tlfflJiSl Lfzo h U ^^)\^if') 



(9) 1 0- 1 2 5 6 0 8 

=-^^i>'m¥LlSiit^mif:^izXh^<'r^) >Cfm'^i:iV\^X 
^SL^lh^zmwl^tZo TK^^^ru >^r:^'7.0yitl:(ift5t 
3. ^\'}') y V)^tl.fZo C(Off')0M.3kl/iZTJi^< 
^^^WM(0^^^iti-^{z^.WL^^^^h. 2 0^-miz 

m.^WMif^^<^m.m^.^<7ymmi:mmLx. r;w^- 

"^Aa^tt* 6%i: @l¥*7 2:hy ^-5^ (nm) 
<hi-^A 1 0.06 G ao.94NilS^-ib^-i)/s -7 -7 tS^# 

70 [0 0 3 2] ra'>J^>'^<0MM-^rTJW3'>"I';i->4rflJfflL 
;t—J|je<J^r >^^(ion-thinnin 

g) mi~x'o»mitLfzm> -i&^Ki:mmmm.^m^m. 

l-J: »)^?-l;*-A*PjS^ff*2 0 O^n.-Jf;!/ h (KV) 
-To Zcr>/<yyrm (10 2) (±Bff®0«i|ii (12 2) 

ii^miRmmA^h<r>±.ij(7)^^i,zmt-ri>M^m&& (i i 
3) ^^hm&^nx^^fzo rnm^B^ (i 1 3) <7)mu<r> 

^«8U (115) li^lM*ti:<i^ori5t>-r, OL^^c 

(113) Sr^lfigf ^*&^®OSe|6]14?r^ 

■r^=f-mm (120) 75^t>#**£B^Be (113) o^Sa^ 

*&^-ffi(ilfe«i:</)#® (10 3) HSlvnctJtJ^^ft-Be 
?iJ$*tTv^fCo l^e-t^**S^Be (113) OfflSlWt- 
S^v^T^)^^^-®!^ (12 0) l±(5{?^ffl-E?"JL-Cv»^ 

lKSr@x.'&<0<±#*-e*of>:o i-^t>*>, >^*JtCT2 

7i-f)i>&^^B^e7)»<bi^/N'y 7 rS7>*a s-g r ow 

10 0 3 3] (*i6tRl3) 1jf]EMOCVD^ft:^;ai-J; 
l9-f>v't»A (In) iY-y£>in^fzm.itif')'^^ 
(GaN) **SSIi;6^«b«fiS:$n^/<y7re&ff^^L 

10 0 3 41 -e-of^:, m.mn\%zm.<om.itif')7J^^^y 
7rm<r> ni&^m tciSCT, S'ffc**';'>A/>'y7Te* 

♦jS(± (1) f&&i^&Ri>' (2) -r>v't'AOK-e> 

50 ^■ri>''^yyrmir^m.-ti>^tim^Lx. nmmi 
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(iJtL 5 Otftv^S 5 Ot:^ LTtio tfz^ >{yv^u(r> 

U >^:^*x^^S^jigt|&-r^ tragic >f yv^i^(ry K 
- 11 > Sr^S.^rt (-it^JDl->i> ^ t ^ ^> o 

fffi^-r'5>'>^c7^>^vjii-;u>f >v':7A (C5 Hs I 
ASO^'T ^ - <h 1^ U < ^ T- > UJ^^S 

3. 0 0') y hJ^^iZMFCfiZXn^^'i^MmLfZo i o 
V/lll Jt(i«^l. 9X10* X*$>otZo ztihco 
m.m:0ki^i:2 O^mmWLX^ 6 0 n mOJp^O/s ;/ 

10 0 3 5] m.m^.^<Dif')^i.^mmm't4>i^^^^ 

:^<Df&m^.^(ommii¥itLfzo y r -( r mm(Oi^m 
J&1p{zi'i'^irh^>9-u y^m,^zm,mLfzo 

^m\^x\^^^^mti.fzo ^(Di^m.x^y^-uy^u 

[0 0 3 6] ±feofig;gii<i: ^Hi^Jk^fLfz^ y^yu k 

fiSIMS (2^>:'Y:t>5?l:^Wft) tiJ: 0*^6X10 
18 cm-^ii^g^^tjNo ^ffi (2 9 1 K i5 
#) . ^^mMi^^ (7 7K) Rl/X ^ f&SO 1 0 KX 

m^Lfzy :t h)i^^H-y±>7. (PL) 
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h'-^>V^ix tzMit if')^A^^yyrm HM^^^b^ 
f>mKizmm^^ < L r ^ *^«:r-* ^ c: 1 7&^7jt ^ 

tt-eabo/jo L;6>L3t;5?(b> f&^2 0xlO* t&OJ:*) 

mmmi:mmLfz^^xii. wm&w<om^xmtai:± 
[0 0 3 7] (itmmi) ^itmmixit. 

$^ri7&-^^o ^«iaJS?: 3 8 0 L> ^MX^S^itiz 
*) Mib:^* U A 75- ^ i ^ -y -7 r S L /Co J^SftS 

^m^-Y x^tztz^ ^ m.^nmtmMn\h^-h\^x^ 

O^iiKrHTEMfetci: ^ Z,(Ty/^ y y ym(D^^B'^^m^ 
^^ yy rm(nm^^m^t 3 ttCC^^giJ $ n;t:o ii."^.*^ 

wx^ht'^m.mzm^^^^^ ^^yyrm(o^ 

A.tmifi^<O^X^^fzo etoT. Cico/s y 7 rJia« 

40 X\^^hi>(DX$>^fZo #*^B^a*i*VMi^ttB^W±^t> 

^^mLx\^^^mmizitm^^^i>(oxi>^fzo ttz. M^m 
h'TxmmLfztz^^ yff^-x$>ofzo m^if. wl^ 
Tis*). i&(OM^^^uUxa^ m^mm (tKTM) t::^ 

mii±fz:hm^mm^z/iz^ ffm ^^hmwfLxi^vt^ 

50 (Dy<yy rmtnm.X$>^tR.^j:^ixfz (#ga¥2-2 
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2 9 4 7 6^. #^¥4-2 9 7 0 2 3^. #^¥6- 
1 5 1 9 6 2 ^Rlf^mW 7-3 1 2 1 3 5 0-^^r^# 
BB) o MIC, ^^e^R**±/j*«fifc^^t L^:**e>i, 
(0 0 0 1) —^yr^ TmS.<r>—UWii^X'li^mi)m 

[0 0 3 81 #iai-it-:$:itic08 1 X. •) jEl-fiiao 2 0 
0 'C;J^«5 3 0 0 'C^<OK<OSST-<±, 2^^?g#7»*i^^T L 

-T t<OS:i!D{CJ: f)*^! 0 0'CJ^±<OiaST'^)*i--& t 
$tt^> ^'VU**'; ■!7AT< h' (G a (NHz ) 3 ) 
(I. A. SHEKA, I. S. CHAUS and 
T. T. MITYUREVA, " THE CHEMIS 
TRY OF GAL L I UM" , C h a p t e r 
6> 1 3 3M (ELSEV I ER PUNBLISHI 
NGCOMPANY, 1 9 6 6 ) ) <^#4, ^V^t± S 
h ^) "f- )V if ^) At T>-t-T t cOElSt- J: oT^^ 20 
■tZ>Rm (C) tTK?^ (H) tiT')^U (Ga) t^Sl 
(N) ti^ts [C-H-Ga-N] -I^Uv- (J. E 
lectrochem. Soc. , Vol. 118 ^ N 
o. 11 (1971), 1864.) (Ott^fb-g-l^iJ^-e 

j&-r^^niimixr-$)i\.. 3 0 ccj-jiTof&iaT-fi^^ 

[0 0 3 91 3 8 0"CT-fi£g$-ti-f.:±ie<O/N'y 7Te± 

(c, 110 orr-r > K--7'M-fb*""') -^^ a j^t so 

:^B8^«riPlllc^f »fMTEMftr-**o /^yVrmn 

ffi<— fflSfi (0 0 0 1) -■^^■7 r 'f T^«SM±t- a s 
-g r o wn^<Oigaff^]^«:^x-&C t4<»#L7t, 40 

m^-t^^^^ni^ (10 4) ***«iaso±#(;j: 

^ (12 3) li't<OttiLm'>~n^Lf.Zo ^<yyrm 
(10 2) (^«^^^(±1l7)^{C^ffL7t#B^BK#: (1 0 
4) t^m^<r>i^\»f- (12 3) X'h-otZo a s-g r o 

(10 8) r-(±, C®-t7T^'TS«t-Sit4c 

4 ») , ^ia ( 1 1 0 0 1:) jo 
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•e^ft$-»i-;t:Slt**U ■t/ASfig (117) rtli:ftM4^c 
iO^Saltt (118) i)^±\^X^^^tZo (1 1 

^i^B^afi (118) <r>mm. (12 9) (t'y 

h) (1 0 7) 7>q¥ftLTv>/-o -O^^ (1 0 7) 7»* 
ffffi1--i>e:S{;*t)£.LT^ft« (117) Utf y h (1 
0 7) *?^±LT«/^jto t/^, migSa (1 1 8) 
WM (13 0) ?r«^-r'5>^^0]ISP (13 1) 7>^~^m 
L.TSML-C, (117) (C(±, ^jg (12 5) 

[0 0 4 01 (.mMm^) 2(t||ifet?|4T'l4, 3p:||^(r# 

;b^/-f 7 r ^ ^ffix. 7t 1 1 1 i^M-ftt/^^frcTji \£ 9 ^ 
'y\)Vfj:j.f^phm^^^y^^-V (LED) ^"BWL 
\^tZo L E Dffl:^<0J:-t'^'^->^;W't7 

*i- ^ 7t *:)07K#^^* -e<o r - - vp^aLSsj^ig $ iifzm 

mmmim.mmmLfz'>f-y r -< rm^m'tm^^fzo 

HoniaJS«iS<0|6] Jit- i -3 T b - ^'l^<oi)n«i*«Bi: 
-^jiiLi: (0 0 0 1) t-t ^cmx$>i>o |B||fe«l4 7 y ■fk 

T>*^'!7A7tc?§jguSiar-*t;i^^, L/c», 

[0 0 4 11 ^mi^x.fz'^yr^rmmi^m'^xm 

;wt:«x.7t*t#n'?,»3 0 A<r>x\y>V'7.mWJl&^^n\z 
WK\^i\.tz^M-^ (-t^-tr^-) ioti'^gptclKa 

x^tzo ^.i,^. mtT)v^>i)-hmtLtz'ikK^^u 

rf>*";^*ft^5 ') y h »^<om.M^i>^X-ff:^y 
iMM^'tXKlt-IPJ^^l.zmmLfZc. Zivi^ziHO. 

i^immLfzo •^yT-(7mwLim.m.Lfz-*f-t-fir- 
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[0 0 4 21 X;P«:^LTRS*^l^(lS£ii-r^7K 
0 . 0 U y h ;KZfflSUSlJ«I L^fcT&^tb. "^Vr^ T^WL 

m^<Dt&mmm n - ^ j: «) ^ i^i^m^z x^tmL 
i-hztii^-r. 9cir. 4 5 or:tc^fB*psftL/jo 4 s 

0 t:T*l 5^HffflitL/jf^. 6 5 0t:{I#iaLy::o 6 5 

(cj:*}»*2. 8 0 u v h;wiiai«'tc©jiSiL;^jo — 

-hL. |si«0$iJfflI14Hg**i->5>MFC(ii: »9-iSS*S5^ 

3. 0 0 ^ u y h ;ni$iJi^^tL7t:7K#^':^r-/^"7'^; > 

^•-r^Cih^torSt^&L^Co V/lll Jtiil. 2X1 

tZo 

[0 0 4 3 ] m-^nrxntzry v-^ymitifv 

•7 Til;6^^«ipi^©E*3i5 0 nmi: ^SSB^&^a'efi^ 
< ^ffi^ V Mi ffi ® ^^t 7)^ (I t-t >5> ¥rt® ^ i- ^ ♦ 

^^n&:^:s.<D^mm m^wm) it (oood --^y 

*) i tt/cm?- \£-^i^<yyrm L T 

o/::o ifc. iag2 ^ 7T>f r^«o4^*a$ti 

-7 r S4>*ffl<:o*®OR H E E DfgiiRff^ 
it (l^ ^ / < 7 T S OS^ffi;^- ^ O R H E E D ftT* 
T#iP'«Rff^i:^ofcX.1^y ^7!^^mi^)^btL/c7!^^ ^<yy 
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AS (*it#HS) itWt±Xi>0. 5K r ) WS/c^v^ 

[0 0 4 41 mitif')^^^^^Bii^^hmf&'r^y<yy 

«:-H.ffPihL/::f^. 7K^4^'VUT**;^OirL»^»55^1 
0. 0 U y ^;^;^^^b4^^^0fe^5. 0 0 U ^ h ;HCi^::J/ 

5. 0 0 y h )i'<D'Ami:i>^X\^ML. ^\')Tif::^ 
(Om^m.i^5^\Q. Q') y Y}V\iZ%n\^fzo ^"^X. Y 

/^^)vif') ^i.^u^'thy^'r>\^y>mw^y^y-^ 

[0 0 4 51 mi(r>^\')Tif7s<r>mw^'^m'^kz\^o 
20 mwwmmm-t^txmnnm\^fz^ik. \1-9\ztm 

1-^m^J**iS0S-<i:r^1SOiaS4: 1 1 0 om#fiL 

fZo ^«i^jtOJt^^^^-^-t:y^-<h«^f ^l^"^ 
«BOii:TtiEeL;t:a^-a^- nv»t7A^S?t (J 

isa^&Ri^mw (^m^%tim.^mzLfz^m.^m^ 

1 0 ox^^mirKm^fzn.^.x. r>'^^rif7s<n 

at*?:ft^2. 8 0 V -y h;W;6-'^S^4 , 0 0 'J y h 

\z^^\^fzo mm&(r>^W^^mf\z^m.<r>^^\z^n 
ry^=^r'MAi)^'^'^\^xi)-hwm\z^^miZ ^^f- 
jUif^J^Ai^^yu >^*Lfz7i<.m:^^^inrff&m^l^^z 

30 mwLi^^fzo zi^\zx.^^ r y V - -fmitif') ^jSl 

±M<Oimm^i^X^&^^h^^yyrm\zMVc 

^^x-^iML^<y y rm. ^^Mmitmmr^m^'^i'^mi)- 
h^yy vmt^^^^fi^bo r y V - -fmitif ^ -urn 
^mmm\z$>fz^x\,t^ h u 

h^m^M (y^y) ^m^Lfzo wOhu^^;i/:^^'; 
r>Att«&^>< >(iS::^3itgS:tt^3 0 ^ U U y hJi^t-t 
^UF Cim^fzi^OX$>^o ±%^<0^<yy7m<0Mf& 

40 {zmmLfzh') ^^)\^:/f')f7Ammy^ >tit^ m^h 
itfzuFC(Dmm'^^^^m±i%&^m^'r^o 

^-f ><7>MFCS:^>or/^*ru yvmA^.:^*:^<^MMi 

:^'v;OirLl:^^}f tr. 9 0*PfltZB:»}!g*4-*^7;(;oet|& 
50 T> K-yMfl::*'^ ^^^^m\t^ ^L%Z<r>^^Sk^ii-h 
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r^h^^yyrm^T^tLXT^fSL^fLX^^hfzib^ RH 
[0 0 4 61 h ^^)Vif^) ^ l^iimW't^ii^^^'^y) 

Y-y^mtif')^^fSLmmmm^^^'T^^fz^ik. r> 

if LT^«OiaJK«: 7 6 OtDUfiT^-tir/wo 7 6 OVi^Z 

^mW't^7i<^i^'^^:^<omnimi&Lfzo v ^^)vif^) 

ffl7K^Oi£M(i«* 2 . 0 0^')')yV)\^tLfZo h U 

^ vJ^— ;i^'f (cyciopenta 

dienyl indium) ^"ktsi^^if 7^<r>WL^7h 
^\tM\^fZo JS^ffiS: lffii:-r-2) viJ^n^^^ vjcj=.;u 
-r>v^A (C5 Hs In) ^nWM\z^>\-^^^^fz7s 

{z^^WLfZo ^(7yi^')>V-\Hi<zmXi-^^mLfz4> 
V »^ is * mW-t ^ ;^7'X OSSSfiM F C J: 0 

1 2 0 ^ »; u y t;t:o #>5r<7)i 1 1 mwM<7y^Wi^ 

/::o III mwM<r>m9:?k^(Dmmmmim^x. 

iftStCLT*^! 0 0 p pm (^m'SlD^m <nV:^^)V 
SI& ( (C2 Hs ) 2Zn) ^"kts-mmMifmif ^^Wi 
*fi:^';^ ^ ilXSSi" ^ > ^^'^ > iiStiSlE'-K > ^ J: *9 ^» 3 
0 ^ V y b;K!OgEfi4:*>o-C«*&L7^Co r>^-TO 
i£lSrft5}-4. 0 0 U 7 h^i^i: ft^5. 0 0 

;^-XOfiES^-^<7)}SSD*r 1 ^^mm,\^fz^ V:^^}\^m. 
I& ( (C2 Hs ) 2 Z n) 'k'ktsi^%iS7^(r>'MM.\t\ 5 

fZo Ctl(IJ:0. ei?^^5 0 nm^t*^. ^>v':7A 
<0!l^-«S«r«^6. 4%<i:LJ.offii& (Zn) 3&^K-e 

[0 0 4 7] z,<r>mf^^^Tx%hi\^^^y'J^i^'k^ 



(13) #^¥1 0- 1 2 5 6 0 8 

ti^m\\m(om§^i: y-^ >i^^Lx$>^xi>nm^KL 

fzo sius^mz^ixif^ m.%^{t^ y^^i^^mmt 

fzo z(r>>(>i;^i.^^m.itif'}^^mim±m^i^ 

10 ^r&Mif^4 4 5 nmi:-t'i>»fe^:7:i- h)^^^-y^> 
X (PL) f&*:«>^a5^L7^>:o ^ > "y^ ^(OmtUiZ 

S(i|g*!>JbiXJt7i>^oy::o Jif£i:|sI-coS;tS^frT% III 
;^7cmogc«,^.-^Ott«&li#ra^®ftLT|#/cSI¥*<t J) 

liit«cL> J: f)Mrft:^ffl(i#^f L/co eif;i>^^*^2 0 0 n 
m©JS<i:J*< >t>i><h. nhti^PL:^^^ VJl^iZUrl^^ 
20 ^^3 6 0 nmi5#<i:f ^Mfb^^^U r>AO/s> V^^ic 
t^iiZ^ tt'^L^iK:g**^4 2 0-4 3 0 nm<hi-^Wfe^ 

^ititmmtb^^j::^-iDfzo Y^^±omm<rf^Miz 
^h-r. ^-f&M^f^ri^zn^^xi>»hfihPLmiGm. 

(droplet) lCfeSLr§l±f '5>075\ moJ[i:H 

\zWih(otHty[^mx^^o wimtnMzh^^z^x^. * 
0 nm]dim<r>m^^it^mrt h^±mm^^i^Mi.fz 

0 n m <!: L/wo 

40 [0 0 4 8] ^ ^v-^^Ai^ijp^fb:*''; ':7Aeofi!cS(i. 

W^t-thzt^i^oX^TX^fzo cio^^v'^AK-e 

>^i;g«7)tt^^frihL7t:m. lS4>^«fijS?: 7 6 oru 

aS«:»r/l 1 0 O'Ctli^^-tt/Jo 7 6 QX:f)^h 1 1 
50 -A (n) BJf*i:i--5>-l:^ ^ y :5^Sli-:$^JLU> > m 
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fzo 110 oticgjiiL/cfif^uM^b^^''; -^Agcfteo 

i-i>mitT)i^<^'^^ ' ^''J^^iS^^B (Alo.2oGa 

/ < r V > X CO it * ^ L i6 T 50 ^ ^ ^ S <7> 
*)o/::o 

[0 0 4 9] ±j^(r>mtr)i<\^^2^ • Afters 

irhmj3iM^Lxmm,(nii%m^mi^i.fzo '<^nmz{t 
m<r>^m Sr fhm<ommMx^^m. Lx^mm (c<^ip t /::o 

msL<D^&i)^^ 0 0X:u5i^^J«;iCi^^pg^tL/JB#.^,T^ ^ 

^mtLfzo -^{z. ^m^^^m-hm^x^x&w^jsitimia. 
izx:h±%s.^(ommm'jFimfz^ik. ^^irKJ^mi^-^ 

^y)thLfZo 

[0 0 5 0] C<7)Jct:>:^'>^;i/S<7)S*St^*i^*£^ 



(14) 4f^¥l 0- 1 2 5 6 0 8 

26 

HEED {KUm^^^MW ^^^-y-h-h. 

-^A/N'-y •7rS (10 2) Uffl^i-^g* 

rmi (10 1) to^^>FS>&i4ti±(ceHLri&* 

(12 6) (r>\^h^.}^t^mAtif^)^ i-^^^y-y rWi (10 

f^yyrm\zW!k'^^'f\z±M<r>mAtif')'^Ji-^m.Wm 
(117) titeJK-t^^fi:^>E*^)ett^ ^>oo. -e^T):^ 

#&Otef4(iait:^'U (117) (n^^X)V 

20 -7^ ( 1 o o p) ^fMLr7[c¥:^^^^^^^f LiSil-r^ 

tl^^ft^>Mft:^'V A^:R@ (117) \^<D^^X^ 

(D^tmnWL\^X\^^fZo :z<r>fzib^ -hfSOXgClJ: 

^ $ tt/c^ t: ^ ^ V ^ (iSft:^^ U A «fiil±(lit 

- r^A • if^) ^ AaB^B^tl^gSiii-^SSe^^n&i^^ 

&mf)mhft:h(D[U iS2a3»i*T(iK^v^r4>I^B^BM#:co 

m-m^^m^]SL(r>i^=f^w.m^zx.^xi>fzh^ixh^ 

titi:^^ti^i^^Xim'K\.Z^m\.Xi'j:^^^¥B%%t^hm 

hm^^mi.X\^^^tzibXh^tm^K^i^'fZo 
[0 0 5 1] :kr^^y r 4 Tmi&L±\zfm^^fzm.^m 

o^ffiizifiKtr-vij^^. v»^A (Mg) ^'^yi^mz'SE. 
40 S>r?f>v±A(ift:^iP3Smff*2 o 0^n:K;u h 

i/^l^^^ymt-t^m^y-:^ (source) ftT* 

^mmz-r i:'&X'i-^fzib(Dm 1 ® E 

fiiDiSmJE^ 1 6 0 ^n.if;l/ h (KV) ^ L. K-X 

(dose) 1:4:4. 0 X 1 O^^ c m-2 i: LTHSSL 

fzo ^tt-CJ: *)*ffiffl(c^2®lcov^^.->^A7&^/£A 

50 ^ttfc^JtS:ff^«L/co ^2a§<^ftAtiiaiimi±«: 1 
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3 0 ^n.-K;u h ^ t K-Xm^ 2 . OXlO'^cm'^t 

i5 ^ <7) T ;u ^ - ^ Jt mm Iffl « t T ^^Jc . 15 

2. 0 X 1 0^3 cni-2(7>^f^Tr'^3ag<7)-f :t >V±A 
g (project ion range) '^WiM'^ ^fz 

[0 0 5 2] >f:t>v±Af*. >f :^->*±A«L31L/c^fl:T 
- »>A • if') '^Affl^algcOSHUMft^^ > (T i 

N) »!li*Bffit;^wo ffl<l:^3^>»llii<iii«ocvD 

ft. MOCVDft. S5^vS5&^Mim?-*f ^ ^ h n >EIJ^ 

^>X/^" y ^ V t^ffML^'^o m^lii^t; 10 0 

nmT% JtffitfLtii5i3i-e. 10^';:t-A (mfi) g 

S^«MS^Ma'^Fl^trMm#H^*'efi)tl 0 8 oru 

J:*), a s-g r own#cB-enff^t:i>o/::afl:T;^^ 
• if') ^M^^mM^k^^') TitJt*¥*^LT$^2 
X 1 017 cm-3^'t-i>pff^etc^mt/::o ^-^UTiaS 

(iT^i^^^^AaiS'^/h? < Lfzmmm<r>r )V < c:^^ 

[0 0 5 4] nf^-Y > v^A-^^Mib:^^'; ^^f&TfeS^ 

>f :t > AST * fSltf bi- ^ c t i: o T p ff^f b L 7t M 
fbr;i-^^^A • if') ^M^¥Bmti}^h^^^ p nS^^ 

li X. fz±.%Z<r>:i^ fc' ^ ^ V -v -x./ N (l^*0 5^ - - > 
^'im. r;un'>/^^> (CH4 ) /tK^^S^:^':^^: 
ffiffl-T'^'/^X-riy^^^^OjfjpXJi^eSriSLT. L 

9ynmMM<r>-%mmz{t^9y (T i ) ^ip^^s 

0 0 nmUlRlfLT:^ff^O:i^'>T-V >'^^ffl>'>' y KgP4:« 

x.^-u^n^^'^fz±M<r>iiiiim,itif')^^jSL^m±. 

(I r ;u ^ - ^ A c h 5: ^> o rff^jS: L 

[0 0 5 5] Ea2 >f >^O^:jSC0ii(J^ffitC5f^^$tt 



(15) #^¥1 0-125608 

2 0 0 0i@O$^3 5 0 //m:ft<7)LED^ y T'JCO 

#{;p ng^^Wti^ii^oyn- 
Vf ^iTftUJ: t)^4L/Co 111 5 <ia ^ flX 1^*T*» f> 
tL7:::$:*te^(Cifi®OLEDcOftS6^^mi;t-miE (I 
-V) #ttr**oT. iE#^SSiLl47&^l#'bixTv^^o JK 

mn^ws. {-m-m^vi T*s$n>5») (it 

W) ^&0 9 0%^SS;i^^TiCOV^-C3. 7 0 -"K;!/ h 

10 O^S^tm^ L/::*^3 0 0 OiBOLEDO^iijcoJll:frfSl 
SEilii 3 . 8 '-K;^ h ^ ^ o fco «l:^r&3mJE36M h 
^±[gl^LED(iJie^^V'V>»^g<7>g<^$tg& 

SB (*«04»*^it) Hft^LED<0|il:^[S]^I±fili{? 

^ < e> ^ V ^ ;m<7)IJ tJ^^iZ M iE#^ p n«^ 

0®|&<7)/ji6HiE«^Si)iL'lt?:Mi-^A4f^P nS^# 

[0 0 5 6] :k^z±MhED{zm'yj]^WM.^'&Ml.^% 
#14*fFfiffiLfCc )lH*'fS]m-iSS:2 0 m A t L7t:^<7)§&* 
*-L^r£«(i*^4 4 5 nm-e*i9. I&7tfeii»fe'ei>^ C 
tf)mm^Mzo -0^*^p-W£S{i:/il:^[^SiSffi^^5 
mA'ea*^4 4 3 nm-e*)*). 5 0 m A'e{i 4 4 0 n m 

<. 01J;t(^MiaizS5'V-T)il:^rf6]«it^ 2 OmAh L/c^ir 
4 4 5±2 nmOffiHtZlt****^: LTtLEDcotJ 

iJikSJ: (>9 0%) ^^^a^^ti^S. ^-xh^fzo i 

7tCO*'L>?ffi:gOWfe^*tCj?Px.. ^S«:*^3 8 0-3 

9 0 nmt'r^^i&m^Vmm(D^iti^m,m^flfZo 

i:(iJfc:d^o;t:o ifz. l&jfe*-L^&Sti?ffl«fiJR (LED 
50 JS«:Sia*^^?i£«^^^J '^A (He) iajt04. 2 K (^ 
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Lfz\\ \ 

[0 0 5 71 {it^m 2 ) %%mm^Rif^itm'&^vc 
[0 0 5 8] itmm2izs^i<i^M-yyrmiimmm4t 

fzo ^^BtUiiS^-^eaiit^J: >9 1 zx:\z%n^ixtz 

m-A^mif^^zx.y)m.^m^^mz^^Lfzo ry^^^r 

0. y V)X^tl.fZo V/lll JtiiS^oT. 2. 3X 
103 i:^ig^j4tijt«cf *tifftl/4 t^ofco JSig 

«^8 u 7 Y)vt i.fzo nsL^'^m^^tim<^M-hm^ 

:;^^X(7)^gjKJcv^.-.Oi,1^tjp^4 O^H^MLT. mm^k 
110 nrnt-^^mitif') '^A/s y :7reSr»fCo 
[0 0 5 9] ^frT-e^T^^TV Y-y'm.itif')y ^ 

:7rii(±as-gro w nttB-^Ktl. jm^-^^n^t 

fZo ^ttJbco#|gB^QS(iffl5:(iP4PI^<SI:^U^^^L-r 
i3«9. ^SB^aft^fflSO-^^® (0 0 0 1) 

5cM:ft«(i^:^— r% S:fc'e(i2 5S f ) tC3ii--i><7) 

^> -e <> IS^^-^FS^OK^Ciab-S) -7 r T 
Mil: »^ A / < 7-7 r ^ ^ o ti^l^l" -i) ^^mt^^ < y 

^(r>±.m'^zi^^^mi^ir^fzibmi)mm.^fi^f)K Bf^-r 



*&T-®02£M^J^S.O'*^B^t£0^«® co^^ 

[0 0 6 0] :i(r>^<^yy rmAL\z'^mmA%m.(r>m.m:^ 

70 jr.jz.;u-:7^*^. i/y U (bis — cyclopentad 
ienylmagnesium: ( (CHs ) C5 H 
4 ) 2 Mg) ^r-^^'^-v-^ Aco K- v^*?®^: LTilSSn 

1 020 cm-mWLT. -11^6^5 X 1 0 ^ « c m-^gffi-tr* 
<7) p V r <h L T<7)i|^14ft^ ^ itgc-m(f*?j 1/4 

20 mi.\zw^(r^mmm^^^^x'f&^^MzTy v-y^ 
V y ^m.'=i'<r>m&t^ 1 0 20 c m-3 ^Mx. ^>*6j e>-r. 

4X101^0 m-3gft<hi:J'-fi:'eabofCo 
[0 0 6 1] ^ooi-t: ^^>'^;ugoSSH(±ftSt^O 

^itr-(i. wxrr)\^^^yh.*if^)yi>^m(o-Y^hti:^ 

ifnm.\^X^^^fZo tfz^ A««<7)2gg;^?:^;ftt4^v^^® 
Mittcti, y hTi^^^ffi^^JStCLT 1 0^ cm-2^r®x. 
^»(Cf&^LTV^;2><7);6^^Igi6'^ttfco lai 6(i::$: 

mtiS')y^^^yyrm (102) ^«^i-^#**SB^H 
40 *2 (1 1 3) \^wsL(o^w^m\zM^^fzmz^^x%> 

^^*SB^BSM4:5&i:^^^x.>^ i: < LT««» 
®*«^«LTV/^;te ^fz. #SB^B*i (113) 
^«L7'cdt^#fflM (114) (10 1) 

Sii::^i6)tcie^W(cf&«LTv>/co t(r>mM'mm (1 1 

4) SrJB^igh Lr^fi (116) ;6^^f&^L> ::tL7!>^^^« 
(10 1) *®tC^LTJi:^(CiiftLTv^;5,0;&^g.i6^ 
i\.fzo CO^ffi (116) ii/s' y 7 Til (102) ±U 
li«$tLfjT> K-*7^a'fb:^*U'>A^gJi (117) <^ 

50 '^^Af&^B (12 7) 'BLlf:^\i9^\/^:)Vm<r>WLmMX 
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3J 

*>-5)aftT;U5-'t'A • ■^'AjRa^^ (12 8) (D^ 
)\^^mi&mi:nMLXikfzeiir (116) ^mitTJl'^ 

-^u • A iiaiiS (12 8) mM<omMLtzm^ 
[0 0 6 21 m.mi:^mm4i^ts.<r>ui^^t^/^zi^mxM 

fiKL> -ia$:*^)3 5 O/u i:-r'S>iE:^ff^cr)LEDf--;'7*^ 
i'' ($lit)*) t-J: IJ^Sja 0 0 OUcOLED^y ytcov^ 

^ 1^— Of5#f^<04i*^^IB o^^tc J: ^ - 5 y ( o 

hm i c) SfKOff^fi£?r^lg?L;to ±IEO$P < . 3|s:JtK 

taiT-»f> t:> ^ V -v }umm^m<7>^m^mMmM 

Xh-oX. :l:*S<0p®oa'fbT;u5-'^A • if'') ■Oh. 

s?,*js<o fi^oT, iii7u^-ri*^j«^^s»K-m)£# 

X^fCo IE«^«'&#14^Mi-^S5:^^^v^L ED 

ttTto Nl:fr|fii^i±<>l^3. 875-t>4. o^;uh (V) -e 

iboy'co t*>L, A»^p n«'g-#1±=&M-t-5>^ y T'tJ^^ 
[0 0 6 3] 



^mW-l 0- 1 2 5 6 0 8 

32 

^ -f ffif S^^ia t: ab ■& o 
[1121 /<-y 7 T§I*I {:ttft-r ^ m^B^aS *S t LT« 

[H 3 1 y 7 r Il±»cf&^ L7t^«S**4ilUC'&« L 

xmt^j:^mMi:m-rm^mx$)i>o 

[1141 fi6^fe<0i$^R^C#*>-l>/^*•y7T)l?^S5SlO^ftSR 

im 5 1 /^'■y 7 7mimf&i-^$^^nw<om^i,z xiom 

^m<ommi7ji-rm^mx^i>o 
ime] mmiz\£y h^mmLx^^-r^mmzmf^ 

-fb'^t/**'*^^ kf 5' ^ -> ^ ;P -^7 JC/N<7) tf 5' + -> ^ 
[a 71 t'-y h (WE^.) !j:#-<#tfj:.t:>^-> + ;Kl75> 

miM.-m.E.^i±<7)-mx'i>i>o 

[1181 ^:gia«?:6 2 0 C LTfiS:g?-ti-fc*igB^Bie 

t^hmf&^i^^^^^l^~%*^^B.it-ff') •yA^< y 7 rig 

<7)BfaTEM (mmm.^mWiWt) i^^m-tm^mx^ 

(9 2 0t:) T'^S$-ti-;t:afb:5^fU H7A/< y 7 rgcogf 

im 0] r >^^r/h ^ARjtv^tij: 

[Hill ^ y r ^ r Cm&WL±liZ 6 5 O^C-e^fi^-e 

o 

[HI 21 m:Mm2iiZ'%t>i>mtT)\^i~'yh> • ^■U't' 

AiSp^/N'-y 7 TS(0»f®TEM(t<:0«^llt:-*S„ 

[013] S!^a<7>fiE^^ilJ^T{-«lLfc^o^^*<D^$^fftz 

[0141 3?*fe0!4tcfB«O:*:|&?9U#t>*#iSS«a:*> 
c>;t*>'^'y7TflSr*{iL;tlll kT ^' 

[lai 5] mtiiM4 l,ztiVL(0:^^mK%iy^m^^^lA^ 
c> -5. >- < y 7 r JB L 7t 1 1 1 If 5^ 

^->-v;ue*^<b«)S;$*T.;^^%^^^- (led) <7)fta6-) 

im^-mBE#i4 (i-v) s^iTTi-rmx^io 
[mi 61 it^m2\.z^.t>i>^^y7rmiM.m-r^^\£ 

5' * V A- ;u W <0 Bf ® T E M« Sr ^^HT-ib -5. o 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□Tfad 
□Tb 



FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 



□Tr] 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



